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Summary
   Stannous chloride (SnC12) increases the calcium (Ca) entry into motor nerve terminals.
Three kinds of Ca channels have been found in nerves (i. e., L-, N-, and T-types). To
determine whether or not L-type Ca channels participate in the SnC12-induced increase in
Ca entry, the effect of SnC12 on the twitch of the bullfrog auricular muscle was investigated
and compared with that of the modulator selective to each type of the Ca channels. Both
nifedipine (20#M) and nicardipine (20#M), L-type Ca channel blockers, inhibited the twitch.
Although Bay K 8644 (20pM), a Ca agonist of the L-type Ca channels, augmented the
twitch, SnC12 (O.lmM) did not. NiC12 (O.lmM), a T-type Ca channel blocker, had no effect
on the twitch. The results obtained suggest that SnCl2 may not activate the L-type Ca
channels and that SnC12 might be likely to enhance the Ca entry into the motor nerve
terminals by activating the N-type channels.
                                 Introduction
   Fluorides generally augment the skeletal muscle twitch by facilitating the neuromuscular
transmission. Among the fluorides investigated, stannous fluoride exerts the most powerful action.
Moreover, from the investigations using $tannous chloride (SnC12) as the agent to be examined,
stannous ions have been found to be involved in this action by enhancing the transmitter release
from the motor nerve terminalsi). We have recently shown that SnC12 accelerates the transmitter
release by increasing the calcium (Ca) entry into the nerve terminals through the voltage-dependent
Ca channels2).
   Nowycky et al.3} have demonstrated that neurons have 3 different types of Ca channels, each
with their own unique properties and pharmacology. The first type of channels, designated L, is
modulated by dihydropyridine agonists and antagonists but the second (N) and the third (T) types
are not. L- and N-type channels are potently blocked by cadmium, whereas T-type ones are much
less sensitive to cadmium. o-Conotoxin, a venom of the marine snail Conus geograPhz{s`'5), blocks
both N- and L-type channels, but not T-type ones3'6). Nickel ions inhibit the T-type channels more
strongly than L- or N-type ones7).
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   Activated with weak depolarizations, T-type channels have been shown to continue to the
generation of pace maker depolarizations in heart cells8) and in neurons in the mammalian central
nervous system9). In many cases, their contribution to the total Ca influx is relatively small. Ca entry
through L-type channels has been shown to link excitation to a variety of different responses, for
example, release of substance P from dorsal root ganglion neurons'O) and release of noradrenaline
from undifferentiated PC-12 cells"). N-type channels play a dominant, if not exclusive, role in
controlling transmitter release in certain cases, e.g., noradrenaline release from sympathetic
neurons, which js dihydropyridine-resistant, but sensitive to both cadmium and w-conotoxin'2).
N-type channels could also explain the dihydropyridine-resistance of transmitter release from other
preparatjons such as brain slices, synaptosomes, and neuromuscular junction'3}.
    Thus, the N-type channe]s seem likely to participate in the SnC12-induced increase in the Ca
entry. In the present study, to determine whether or not SnC12 does act on the L-type channels, the
effect of SnCl2 was investigated on the twitch of cardiac muscles which have predominantly the
L-type channelsi`) but not the N-type ones'), and was compared with that of the modulator selective
to each type of the Ca channels.
                                Materials and Methods
    Isolated auricular muscle strips (3 Å~1O mm) from bullfrogs (Rana catesbeiana) weighing between
150 g and 200 g were used as the material. The material was horizontally mounted in a chamber
containing 3 ml perfusate. The muscle twitch was evoked by electrical stimulation (voltage, 100 V ;
duration, 50 msec ; frequency, O.5 Hz) using a pair of platinum wire electrodes (O.5 mm in diameter
and 15 mm in length) placed in a longitudinal direction on the both sides of the muscle. The twitch
tension was measured with a force-displacement transducer. Drugs were added to the perfusate to
examine their effects. Composition of the perfusate (Ringer's solution) was as follows : (in mM)
NaCl, 110 ; KCI, 1.9 ; CaC12, 1.1 ; NaH2P04, O.5 ; NaHC03, 2.4 and glucose, 5.6. pH was adjusted at
7.3. All experiments were carried out at room temperature (20-25Åé). Chemicals used in this
experiment were SnCl2 and NiC12 (Nacalai Tesque, Japan), Bay K 8644 (Wako Pure Chemicals,
JapanÅr, and nifedipine and nicardipine hydrochloride (Sigma, U. S.A.). Immediately before the
experiment, SnC12 was dissolved in 10 mM tartaric acid to make a 4 mM SnC12 solution. Nifedipine
was dissolved in 50 % acetone to make a 4 mM nifedipine stock so]ution.
    Statistical analyses of the data were performed by the Student's 2-sided pired t-test. Differ-
ences between mean values were considered significant if the probability of error was less than O.05.
                                       Results
    The effects of nifedipine and nicardipine on the twitch were examined to ensure that inhibitors
of the L-type Ca channels depress the twitch. Fig. 1 illustrates these results. As was expected, both
20 "M nifedipine (Fig IA) and 20 "M nicardipine (Fig. IB) significantly decreased the twitch tension
to about O.7 and O.6 times as compared with the control value (taken as 1.0) obtained before each
drug application, respectively.
    Bay K 8644 (20 #M) significantly increased the twitch tension to about 1.6 times the control
value (Fig. 2A). On the other hand, SnC12 even at a concentration as high as O.1 mM never
strengthened the twitch (Fig. 2B). This result suggests that SnCl2 did not act on the L-type channels.
    NiCl2 (O.1 mM) had no significant effect on the twitch (Fig. 3).












 lsec Nicardipine20;pM lmin lsec
Controt
Nicctrdipine *
        O.2 .4 .6 .8 10 tz 14 O.2 .4 .6 .8 1.0 tz 14
                    (g) Tension (g)             Tension
Fig. 1 : Inhibition of the twitch of the bullfrog auricular muscle by nifedipine (A) and nicardipine
     (B). Upper figures: Time course and wave form of the twitch tension. Lower figures:
     Comparison between the twitch tensions before and 3 min after the drug application.
     Columns and horizontal bars represent the mean value and the standard error. Number of
     the data obtained from each experiment is 5. ' and "' : Significantly different from the
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Fig. 2 : Effects of Bay K 8644 (A) and SnC12 (B) on the twitch. Both upper and lower figures show
     the same as in Fig. 1. Numbers of the data obtained from the experiments concerning Bay
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Diseussion
    Hess et al.'`) have found that Bay K 8644 (1 "M) , a Ca agonist compound, strongly enhances
the Ca current in frog ventricular cells. Fox et al.i5) have explained that the Ca current enhanced
by Bay K 8644 is due to the Ca influx through the L-type channels and that nifedipine (10 #M), a
dihydropyridine Ca antagonist, inhibits the L-type Ca channel activity.
    In our present experiment also, Bay K 8644 significantly augmented the auricular muscle
twitch. Nifedipine and nicardipine inhibited it. These results show clearly that Ca entry through the
L-type channels is closely related to the heart motility and that the modulators of L-type channels
have a significant effect on the twitch. Thus, it is shown that the method used in this experiment
is appropriate to determine whether or not SnC12 acts on the L-type Ca channels.
    If SnCl2 can activate the L-type channels, SnC12 as well as Bay K 8644 must augment the twitch.
However, the result that SnC12 at the concentration high enough to increase the Ca entry into the
nerve terminals2) had no augmentative effect on the twitch implies that SnC12 does not activate the
L-type channels.
   In addition, the effect of NiCl2 on the twitch was investigated to see the relation between SnC12
and T-type channels. Fox et al.i6) have observed that inorganic nickel ions (100 #M) largely abolish
the current evoked by the Ca entry through the T-type channels selectively in neurons of chick
dorsal root ganglion. However, NiC12 at the same concentration as in this report had no inhibitory
influence on the twitch. This result suggests the possibility that there are no T-type channels in the
frog heart or at least T-type channels may not strongly participate in the heart motility.
    From these findings, it is concluded that SnC12 does not activate the L-type Ca channels.
Moreover, it is very likely that SnCl2 may increase the Ca entry into the motor nerve terminals by
acting on the N-type channels. However, the possibility that SnC12 may stimulate the T-type
channels cannot be completely ruled out. To decide whether SnC12 acts on the N- or T-type
channels, it will be necessary to examine the detailed effects of SnC12 on these channels by the use
of different techniques.
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